Abstract The incidence of osteoporosis-related fractures in Asian countries is steadily increasing. Optimizing osteoporosis treatment is especially important in Japan, where the rate of aging is increasing rapidlyelderly population is increasing rapidly and life expectancy is among the longest in the world. There are several therapies currently available in Japan for the treatment of postmenopausal osteoporosis, each with a unique risk/benefit profile. A novel selective estrogen receptor modulator, bazedoxifene (BZA), was recently approved for the treatment of postmenopausal osteoporosis in Japan. Results from a 2-year, phase 2 trial in postmenopausal Japanese women showed that BZA significantly improved lumbar spine and total hip bone mineral density compared with placebo, while maintaining endometrial and breast safety, consistent with results from 2 global, phase 3 trials including a 2-year osteoporosis prevention study and a 3-year osteoporosis treatment study. In the pivotal 3-year treatment study, BZA significantly reduced the incidence of new vertebral fractures compared with placebo; in a post hoc analysis of a subgroup of women at higher risk of fractures, BZA significantly reduced the risk of nonvertebral fractures compared with placebo and raloxifene. A 2-year extension of the 3-year treatment study demonstrated the sustained efficacy of BZA over 5 years of treatment. BZA was generally safe and well tolerated in these studies. In a "super-aging" society such as Japan, long-term treatment for postmenopausal osteoporosis is a considerable need. BZA may be considered as a first choice for younger women anticipating long-term treatment, and also an appropriate option for older women who are unable or unwilling to take bisphosphonates.
Introduction
Osteoporosis is an asymptomatic, skeletal disease characterized by decreased bone mineral density (BMD), which is associated with an increased risk of fractures [1] . Osteoporosis disproportionately affects postmenopausal women, in whom estrogen deficiency can accelerate the loss of bone mass and cause deterioration of bone quality [2] . Osteoporosis-related fractures can lead to increased morbidity and mortality and can also result in significant costs to the healthcare system [3] [4] [5] . An estimated 200 million women worldwide are affected by osteoporosis [6] , with the prevalence increasing with age from 4 % in women aged 50 to 59 years to 52 % in women >80 years of age [7] . Thus, postmenopausal osteoporosis is a global health concern and the availability of effective and safe treatments for postmenopausal osteoporosis is an important issue.
In Japan, there is an increasing awareness of the interaction between certain "lifestyle-related diseases" (e.g., type 2 diabetes, hypertension, chronic kidney disease) and osteoporosis [8, 9] . For example, an increased fracture risk has been observed in patients with type 2 diabetes, and incident fractures have been shown to contribute to clinical deterioration in patients with lifestyle-related diseases. Further, lifestylerelated diseases such as type 2 diabetes and atherosclerosis have been shown to increase fracture risk independent of changes in BMD [9] . The relationship between lifestylerelated diseases and bone metabolism is thought to be due to increased oxidative stress, which promotes bone fragility in patients via various mechanisms; decreased osteoblast differentiation resulting in increased osteoblast/osteocyte cell death; accumulation of advanced glycation products in bone; and abnormalities in collagen cross-link formation in bone [8, 9] . Because recent studies have also suggested that certain therapies for lifestyle-related disease can affect bone metabolism, it is important for clinicians and patients to consider the associations between lifestyle-related diseases and osteoporosis when choosing appropriate treatment regimens.
The treatment of postmenopausal osteoporosis is particularly important in Asia, where the elderly population is increasing rapidly [10] . The incidence of hip fractures in Asia is projected to increase by 520 % between 1990 and 2050; this increase would mean that in 2050, 45 % of all hip fractures that occur worldwide would take place in Asia, compared with 26 % in 1990 [10] . The growing burden of fractures is expected to have a greater impact in Japan, which has one of the longest life expectancies among developed countries [11] . In the 20-year period from 1985 to 2005, the number of citizens over 65 years of age increased from 12.4 million to 25.7 million people, and from 1987 to 2007, the number of fractures increased from 53,200 to 148,100 cases per year, with approximately 79 % of these fractures occurring in women [12] . The estimated number of patients in Japan with osteoporosis was 12.8 million in 2012 [8] , and it is estimated that only 20 % of patients with osteoporosis are actively receiving treatment [13] .
Along with the growing number of at-risk patients, Asian women may have a greater vertebral fracture risk relative to Caucasian women. In a large retrospective analysis derived from the Hong Kong Osteoporosis Study, the risk of vertebral fractures was shown to increase exponentially with age among women from Hong Kong and Japan and was nearly double the risk of Caucasian women 80 years and older [14] . In addition, projections indicate that hip fractures will increase throughout the world in the coming years, particularly in Asia. As a result, the socioeconomic impact of hip fractures will increase accordingly [10] .
Several therapies are available for the prevention and/or treatment of postmenopausal osteoporosis. Each has a unique risk/benefit profile and therefore may not be appropriate for all women. Here, we review the currently available agents for osteoporosis prevention and/or treatment, with a focus on bazedoxifene (BZA), a third-generation selective estrogen receptor modulator (SERM) approved in Japan in 2010. Data from preclinical and clinical studies of BZA are discussed, with an emphasis on the rationale for incorporating BZA into the osteoporosis treatment paradigm for postmenopausal Japanese women.
Current therapies for postmenopausal osteoporosis
Currently available therapies in Japan for the prevention and/ or treatment of postmenopausal osteoporosis include vitamin D (used in the active form) and/or calcium supplementation, bisphosphonates, hormone therapy, eel calcitonin, parathyroid hormone (PTH), denosumab, and SERMs. The efficacy and safety of these therapies are summarized in Table 1 .
Calcium supplementation and vitamin D Sufficient dietary intake of calcium and vitamin D is known to be important for bone health [15] . Calcium supplementation alone has been shown to reduce bone loss in postmenopausal women [16, 17] . Calcium supplementation (1,000 mg) plus vitamin D (400 IU) has been shown to preserve total hip BMD compared with placebo (p<0.001 at 3 and 6 years; p=0.01 at 9 years) in generally healthy, postmenopausal women enrolled in the Women's Health Initiative (WHI) trial [18] . Over a mean of 7 years of follow-up, the incidence of hip fracture was not significantly reduced in the overall study population; however, among a subset of women who were >80 % adherent to study medication, calcium supplementation plus vitamin D was associated with a 29 % (hazard ratio [HR], 0.71; 95 % confidence interval [CI], 0.52-0.97) reduction in hip fracture incidence compared with placebo. The effects of vitamin D in reducing fracture risk have been shown to be dose-dependent; a meta-analysis of randomized clinical trials in postmenopausal women showed a 26 % reduction in hip fracture (pooled relative risk [RR], 0.74; 95 % CI, 0.61-0.88) and a 23 % reduction in any nonvertebral fracture (pooled RR, 0.77; 95 % CI, 0.68-0.87) for doses of 700 to 800 IU per day compared with placebo, whereas no significant reductions in hip or nonvertebral fractures (pooled RR of 1.15 and 1.03, respectively) were observed with a dose of 400 IU per day [19] . However, vitamin D 3 supplementation has not been found to correlate with calcium absorption [20] .
The mean calcium and vitamin D intake in Asian countries such as Japan, China, and Korea are considerably lower than USA and European countries [21] . In the Korean National Health and Nutrition Examination Survey, the mean calcium intake among Korean adults was generally low (mean 485 mg/day) [21] . Low calcium intake was associated with elevated PTH and lower femoral neck BMD. In turn, as dietary calcium intake, calcium/phosphorus product, and/or serum vitamin D levels decreased, the risk for osteoporosis was significantly increased [22] . Calcium intake of ≥668 mg/d is recommended to effectively influence serum PTH and BMD in order to maintain bone mass [21] . In a large cross-sectional study of Japanese women, the risk of bone fracture was associated with low bone mass. In addition, dieting behaviors and associated poor lifestyle choices also impacted bone fracture risk [23] . Because traditional Asian diets are low in calcium, calcium and vitamin D supplementation may be a necessary component of bone health in this region of the world.
In Japan, active vitamin D derivatives (e.g., calcitriol, alfacalcidol) are commonly used in the treatment of osteoporosis [8, 24] . Early studies with the active vitamin D3 compound, eldecalcitol (ED-17) demonstrated increases in lumbar spine and total hip BMD and improvements in bone remodeling balance compared with native vitamin D in patients with osteoporosis [25, 26] . More recently, a 3-year, randomized, superiority study in patients (>95 % women) with osteoporosis compared eldecalcitol with alfacalcidol, a vitamin D analogue shown to positively affect BMD in postmenopausal women [27] . In this study, eldecalcitol was associated with a reduced risk of vertebral fractures, as well as increased BMD and decreased bone turnover markers compared with alfacalcidol at 3 years. Eldecalcitol was also associated with a marked reduction in wrist fractures (71 %) at 3 years, and similar safety profiles were observed among eldecalcitol and alfacalcidol treatment groups [26, 27] . Eldecalcitol was approved for treatment of osteoporosis in Japan in 2011.
Bisphosphonates
Bisphosphonates are antiresorptive agents with established efficacy in reducing the risk of vertebral and nonvertebral fractures and are generally considered to be the first-line therapy for postmenopausal osteoporosis [15] . Bisphosphonates are available in Japan as oral formulations (including alendronate, minodronate, and risedronate) and as an intravenous injection (ibandronate). Studies have shown reductions in the risk of vertebral fractures of 39-59 % for oral bisphosphonates and reductions in nonvertebral fractures of 20-37 % have also been observed for alendronate and risedronate [28] [29] [30] . However, bisphosphonates have been associated with some short-term safety concerns, including acute phase reactions (transient, flu-like illness), acute renal failure, and gastrointestinal and esophageal irritation for oral formulations [15, 31] . In addition, long-term bisphosphonate treatment may be associated with the development of atypical fractures, such as low-impact subtrochanteric stress fractures, with the risk increasing with duration of therapy [32, 33] . In general, the safety profile of bisphosphonates in Japan is considered to be similar to Western populations. However, • Transient hypercalcemia [25] Bisphosphonates • Reduces vertebral and nonvertebral fracture risk [28] [29] [30] • Short-term: acute phase reaction, acute renal failure, and gastrointestinal and esophageal irritation for oral formulations [15, 31] • Long-term: atypical fractures [32, 33] ; ONJ [28, 29] Calcium Hormone therapy
• Reduces bone loss [16, 17] • Reduces nonvertebral fracture risk in combination with vitamin D [102, 103] • Increased risk of cardiovascular disease [104] ET • Reduces bone loss and fracture risk [49] • Increased risk of stroke and VTEs [51] EPT • Reduces bone loss and fracture risk [48] • Increased risk of stroke, VTEs, and breast cancer [52] • Irregular vaginal bleeding and breast pain [53] [54] [55] Calcitonin Improves lumbar spine BMD [105, 106] • Nausea, vomiting, dizziness, leg cramps, hot flushes, and inflammation/irritation at administration site [ • Increased incidences of hot flushes, leg cramps, and venous thromboembolic events [88] [89] [90] 93] • No evidence of endometrial or breast stimulation [87, 90, 92, 98] ET estrogen therapy, VTE venous thromboembolic event, EPT estrogen-progestin therapy, PTH parathyroid hormone, AE adverse event, ONJ osteonecrosis of the jaw, SERM selective estrogen receptor modulators, RLX raloxifene, LAS lasofoxifene, BZA bazedoxifene the exact incidence of atypical fracture with long-term treatment has not been determined. Osteonecrosis of the jaw (ONJ) is a significant concern with bisphosphonate therapy. In a retrospective cohort study conducted by the Japanese Society of Oral and Maxillofacial Surgeons, 39.5 % of patients diagnosed with ONJ had received an oral bisphosphonate [34] .
There are several preparations of bisphosphonates available in Japan including oral formulations for daily, weekly or monthly administration, and nonoral formulations. Intravenous ibandronate has recently become available. The recommended doses of many bisphosphonates in Japan are half of the standard doses in Western countries. The relatively smaller body size and fairly higher incidence of upper gastrointestinal disorders [35] is considered to reduce the tolerability for bisphosphonate treatment in the Japanese population. Despite lower doses, increases in BMD in Japanese subjects in clinical trials were similar to those observed in subjects from Western countries in global studies where full dose treatments were administered [36] .
Oral bisphosphonates also have an inconvenient dosing regimen that may contribute to poor adherence and high rates of therapy discontinuation [37] [38] [39] . A Taiwanese retrospective analysis of adherence/persistence with bisphosphonate treatment showed that 50 % of the subjects was nonadherent at 3 months and only approximately 30 % of subjects remained adherent at 1 year [40] . Adherence and compliance to bisphosphonate treatment is a considerable confounder of fracture risk. In a large retrospective analysis, the metric medication possession ratio of more than 80 % was associated with a lower probability of fracture [41] .
To aid in compliance, alendronate is formulated for daily (5 mg) and weekly (35 mg) administration in tablet form, as a weekly administration in jelly form (35 mg), and as a once-monthly (900 μg) intravenous injection. Risedronate is available as a 2.5 mg/day, 17.5 mg/week, or 75 mg/ month tablet. Minodronate, a nitrogen-containing bisphosphonate, is an example of a compound available in both daily (1 mg) and monthly (50 mg) formulations. Both the daily and monthly formulations of minodronate have been found to increase BMD and reduce fracture risk [30, 42] , and have effects on BMD similar to alendronate [43] . Use of the once-monthly 50 mg minodronate dose has been found to increase treatment adherence among Japanese patients previously using daily or weekly bisphosphonates [44] .
Recent studies indicate that the efficacy of bisphosphonates in postmenopausal women is significantly reduced by vitamin D deficiency [45] [46] [47] . The Japan Osteoporosis Intervention Trial (JOINT-02) conducted by the Consortium on the Adequate Treatment of Osteoporosis evaluated fracture incidence in relation to baseline serum 25-hydroxyvitamin D (25[OH]D) levels in women with severe osteoporosis (N=2,164; mean age, 76.6 years) [46] . In this study, approximately 85 % of the subjects was reported to have baseline 25(OH)D levels of <30 ng/mL. Lower 25(OH)D levels (<20 ng/mL) were associated with a higher incidence of nonvertebral weightbearing bone fractures (HR, 3.42; 95 % CI, 1.04-11.31), despite receiving alendronate therapy [46] . Subgroup analyses indicated that combination therapy with a vitamin D analog such as alfacalcidol may reduce the risk of fractures in some patients. In a study of 210 postmenopausal women with low BMD receiving bisphosphonate therapy, women with a mean 25(OH)D ≥33 ng/mL were reported to have a 4.5-fold increase in the probability of a favorable response to bisphosphonates, and a 1-ng/mL decrease in 25(OH)D was associated with an approximately 5 % decrease in the probability of responding [45] . In another study of 120 postmenopausal women (mean age, 68.8 years) with osteoporosis receiving bisphosphonates, women with 25(OH)D >30 ng/mL displayed a significant increase in lumbar spine BMD (3.6 %) compared with women with 25(OH)D <30 ng/mL (0.8 %; p<0.05); women with 25(OH)D <30 ng/mL demonstrated a 4-fold increase in the probability of an inadequate response [47] . Overall, these studies suggest that vitamin D deficiency can significantly impact the efficacy of bisphosphonates and support the use of vitamin D supplementation for osteoporosis patients.
Hormone therapy
Hormone therapy, in the form of estrogen therapy (ET) and combined estrogen-progestin therapy (EPT; for nonhysterectomized women), is primarily indicated for the treatment of menopausal symptoms, but also has demonstrated efficacy in preventing bone loss and reducing the risk of fractures [48] [49] [50] . In the WHI trial, ET reduced total fracture incidence by 29 % (HR, 0.71; 95 % CI, 0.64-0.80) and hip fracture incidence by 35 % (HR, 0.65; 95 % CI, 0.45-0.94) over a mean follow-up period of 7.1 years [49] ; EPT reduced total fracture incidence by 24 % (HR, 0.76; 95 % CI, 0.69-0.83) and hip fracture incidence by 33 % (HR, 0.67; 95 %, 0.47-0.96) over 5.6 years of follow-up [48] . ET and EPT have been associated with increased risk of venous thromboembolic events (VTEs) and stroke [51, 52] . In addition, EPT has been associated with increased risk of breast cancer as well as some tolerability concerns, including irregular vaginal bleeding and breast pain [52] [53] [54] [55] .
ET and EPT are rarely used in Japan for the prevention and/ or treatment of osteoporosis [24] . A community survey conducted in Japan in the 1990s showed that only 2.5 % of women aged 45 to 64 reported current use of hormone therapy and 6.3 % had previously used hormone therapy [56] . Currently, although CE, estradiol, and estriol are approved for use in Japan, estradiol and estriol are not recommended for reduction of fracture risk, and CE is not covered by public health insurance for the treatment of osteoporosis [8] .
Calcitonin
Although several forms of calcitonin are available worldwide (salmon, eel, human, porcine), synthetic eel calcitonin is the most commonly used in Japan [57] . Among Japanese postmenopausal women, synthetic eel calcitonin, elcatonin, administered by weekly 20-unit intramuscular injections provided sustained lumbar BMD for 5 years [58] . Elcatonin has also been found to improve patient quality-of-life scores among Japanese women with vertebral fractures, possibly due to some of the analgesic effects of elcatonin [59] . PTH PTH and its analogs are anabolic agents that stimulate bone formation; PTH is approved in Japan (given as a daily subcutaneous injection) for the treatment of postmenopausal women with osteoporosis who are at high risk of fracture [8, 15] . Its cost compared to bisphosphonates (i.e., 15-20 times higher) may influence the choice of this treatment for osteoporosis. A once-weekly formulation is in development [60] [61] . Teriparatide has also been studied in Japan as a once weekly injection. The effectiveness and safety of a weekly subcutaneous injection of teriparatide 56.5 μg (200 IU) was assessed in a large, 72-week, phase 3 study (TOWER trial). Among healthy men and women (aged 65-95 years) who had 1 to 5 vertebral fractures with low BMD, the cumulative incidence of new morphometric vertebral fractures by KaplanMeier estimation was 3.1 % in the teriparatide group and 14.5 % in the placebo group (p<0.01, log-rank test). In addition, weekly teriparatide significantly reduced the relative risk of a new morphometric fractures relative to placebo (RR, 0.20; 95 % CI, 0.09-0.45, p<0.01) [62] . In a longterm, unblinded extension of the TOWER trial, patients sustained the reduction in fracture risk over a 1-year period (RR, 0.18; 95 % CI, 0.09-0.36, p<0.05 relative to placebo) [63] . In the TOWER trial and others, weekly subcutaneous administration of teriparatide effectively improved serum bone turnover markers and BMD at the lumbar spine [62, 64] . In a subgroup analysis of the TOWER trial, significant fracture risk reductions were observed regardless of age, number and grade of prevalent vertebral fractures, bone turnover, and renal function [65] .
Adverse events (AEs) associated with PTH include nausea, headache, dizziness, leg cramps, abdominal discomfort, and vomiting [61, 62] . PTH is generally reserved for postmenopausal women with osteoporosis who are at high risk for fractures; PTH treatment is limited to a 24-month course in Japan [8] .
Denosumab
Denosumab is a fully humanized monoclonal antibody that binds to the receptor activator of nuclear factor-κB ligand, thereby inhibiting bone resorption by osteoclasts [66] . Denosumab was approved in Japan in 2013 for the treatment of osteoporosis. Two-year results from the DIRECT trial reported the effects of denosumab (60 mg subcutaneous injection every 6 months) on fracture risk in Japanese patients (N=1,262; 95 % women) with osteoporosis [67] . In this phase 3 study of Japanese women aged 50 or older with osteoporosis and 1-4 prevalent vertebral fractures, treatment with denosumab for 24 months reduced the risk of new or worsening vertebral fractures by 65.7 %. The incidence of new or worsening vertebral fractures was less among women treated with denosumab vs placebo (3.6 vs 10.3 %, HR 0.343, 95 % CI 0.194-0.606, p=0.0001) at 24 months [67] . Denosumab was also associated with significant increases in lumbar spine, total hip, femoral neck, and distal radius BMD compared with placebo (p<0.0001 for all), as well as significant reductions in serum C-telopeptide (CTX) and bone alkaline phosphatase levels. In an open-label portion of the study, denosumab was compared with alendronate (35 mg weekly). BMD changes for alendronate were significantly lower compared with denosumab at the lumbar spine and total hip starting at 3 months, femoral neck at 12 and 24 months, and distal 1/3 radius at 18 months (all p<0.05) [67] . The HR (95 % CI) for new vertebral fractures for denosumab relative to alendronate was 0.416 (0.180, 0.962, p=0.034) indicating a superior fracture inhibition effect with denosumab. These results may also be explained by the relatively low dose of alendronate approved for use in Japan compared with other countries. Denosumab was generally well tolerated with an AE and safety profile similar to alendronate and placebo. No incidences of delayed fracture healing, atypical femoral fractures, or ONJ were reported [67] . Because of the potential for reduction in bone remodeling with denosumab, safety concerns include atypical fractures, delayed fracture healing, and ONJ [68] . Denosumab may also be associated with an increased risk of serious infections and is indicated for postmenopausal women at a high risk of fractures [68] .
SERMs
SERMs are a novel class of agents that exhibit tissuespecific estrogen receptor agonist or antagonist activity [69] . An ideal SERM would retain the positive effects of estrogens on bone but have ER-antagonist or neutral effects in the uterus and breast. Currently, 3 SERMs have been approved for the prevention and/or treatment of postmenopausal osteoporosis [15] . Raloxifene (RLX) is a second generation SERM approved in multiple countries, including Japan, for the prevention and treatment of postmenopausal osteoporosis. BZA and lasofoxifene (LAS) are third generation SERMs approved in the European Union and Japan (BZA only) for the treatment of osteoporosis in postmenopausal women who are at increased risk of fractures. These SERMs are discussed in greater detail below.
SERMs for postmenopausal osteoporosis

RLX
The efficacy of RLX was evaluated in the phase 3, Multiple Outcomes of Raloxifene Evaluation (MORE) study in postmenopausal women with osteoporosis [70] . At 3 years, reduced incidence of new vertebral fractures was observed for RLX 60 mg (RR, 0.7; 95 % CI, 0.5-0.8) and 120 mg (RR, 0.5; 95 % CI, 0.4-0.7) compared with placebo. However, the incidence of nonvertebral fractures for both RLX groups combined was not reduced compared with placebo (RR, 0.9; 95 % CI, 0.8-1.1). Analysis of combined data from two studies in postmenopausal women with osteoporosis in Japan and China, respectively, showed significant decreases at 12 months in the incidence of new vertebral fractures for RLX 60 mg and RLX 60 and 120 mg combined compared with placebo (p=0.01 and p=0.002, respectively); significant reductions in any type of clinical fracture were also observed for the RLX 60 mg (RR, 0.17; 95 % CI, 0.04-0.75; p=0.01) and RLX combined (RR, 0.11; 95 % CI, 0.03-0.51; p=0.001) groups [71] . In a postmarketing surveillance study of long-term RLX treatment in postmenopausal Japanese women with osteoporosis, lumbar spine BMD was significantly improved from baseline with RLX 60 mg at 6, 12, 24, and 36 months (p<0.001 for all) [72] . In a postmarketing observational study, Japanese patients naïve to RLX treatment were assessed on quality of life measures at baseline (before treatment), 8 weeks, and 24 weeks after treatment with RLX [73] . On the validated Japanese Osteoporosis Quality of Life Questionnaire, total scores increased significantly from baseline after 24 weeks (p<0.001). Similar improvements in quality of life were seen on other measures, including the Short Form-8 and the European Quality of Life Instrument. A limitation of this study was that it did not have a control arm. RLX is associated with adverse effects including increased incidences of hot flushes, leg cramps, and VTEs [74] . [75] . In addition, the rates of AEs related to the reproductive tract, including vaginal candidiasis, vaginal discharge, vaginal bleeding, endometrial hypertrophy, and uterine polyps, were significantly increased with both LAS doses compared with placebo [76] . Treatment with both LAS doses also increased the number of diagnostic uterine procedures performed, and LAS 0.25 mg showed increased rates of surgery for pelvic organ prolapse or urinary incontinence, compared with placebo.
BZA
BZA was selected for clinical development based on results from a stringent preclinical screening process to identify compounds with favorable effects on bone that did not stimulate the breast or uterus [77] . Findings from preclinical studies of BZA and clinical trials evaluating the efficacy and safety of BZA are discussed in the sections below.
Preclinical studies of BZA BZA showed positive effects on bone in preclinical studies utilizing an ovariectomized (OVX) rat model of osteopenia.
BZA was associated with significant increases in BMD at the proximal tibia over 6 weeks of treatment [78, 79] and at the lumbar spine and proximal femur over 52 weeks of treatment [80] compared with OVX control rats. In these studies, BZA was effective in maintaining bone mass at a 10-fold lower dose (0.3 mg/kg/day) than the effective dose for RLX [77] . In addition, trabecular core samples from the L 4 vertebrae of BZA-treated OVX animals showed significantly greater resistance to compressive force compared with untreated OVX animals [79] . BZA does not appear to accumulate in significant amounts in bone relative to other organs in rat models [81] .
BZA was not associated with endometrial or breast stimulation in preclinical studies. In immature and OVX rat models, BZA did not increase uterine wet weight compared with that in control animals [77, 78, 80] , and histological analysis showed no endometrial hypertrophy or hyperplasia with BZA [77] . BZA has also been shown to completely inhibit increases in uterine wet weight induced by treatment with 17β-estradiol (E2) [82] or conjugated estrogens (CE) [83] .
BZA treatment did not stimulate proliferation of MCF-7 breast tumor cells or end bud formation in the mammary gland of OVX mice [82] . Moreover, coadministration of BZA inhibited E2-stimulated proliferation of MCF-7 cells [77, 79] and more completely inhibited CE-induced stimulation of MCF-7 cell proliferation than RLX or LAS [84] . BZA also demonstrated better prevention of CE-induced breast stimulation and reduction of ductal tree complexity compared with RLX or LAS [83] .
Clinical studies of BZA
Based on promising findings from the preclinical studies, BZA was selected for clinical development. The efficacy and safety of BZA have been evaluated in two global, multicenter, randomized, double-blind, placebo-and active-controlled phase 3 trials as well as a randomized, double-blind, placebo-controlled, dose-response, phase 2 study in Japan ( Table 2 ). The two phase 3 studies included a 2-year osteoporosis prevention study (N=1,583) evaluating BZA 10, 20, or 40 mg compared with placebo or RLX 60 mg in healthy, postmenopausal women at risk for osteoporosis [85, 86] , and a 3-year osteoporosis treatment study (N=7,492) evaluating BZA 20 or 40 mg compared with placebo or RLX 60 mg in postmenopausal women with osteoporosis [87] [88] [89] .
Two 2-year extensions of the 3-year, core treatment study have been completed. During Extension I (years 4-5; N= 3,146), the RLX 60 mg arm was discontinued and subjects who received BZA 40 mg were transitioned to BZA 20 mg. Findings from Extension I are reported for BZA 20 mg and BZA 40/20 mg (subjects who transitioned from BZA 40 to 20 mg) compared with placebo at 5 years [90, 91] . All subjects who entered Extension II (years 6-7; N=1,732) in the active treatment group continued to receive BZA 20 mg. Findings from Extension II are reported for all BZA-treated subjects (including those who were transitioned from BZA 40 to 20 mg during Extension I) compared with placebo at 7 years [92, 93] . In the phase 2 study in Japan (N=429), the efficacy and safety of BZA 20 or 40 mg were assessed relative to placebo over 2 years of treatment in postmenopausal Japanese women with osteoporosis [94] .
Global osteoporosis prevention study
The primary efficacy endpoint for the global osteoporosis prevention study was the percent change from baseline in BMD of the lumbar spine at 2 years. BZA 10, 20, and 40 mg showed significantly improved lumbar spine BMD at 2 years compared with placebo, with differences±standard deviation [SD] compared with placebo in the mean percent change from baseline of 1.08±0.28, 1.41±0.28, and 1.49± 0.28, respectively (p<0.001 for all) [85] . All BZA doses also showed significantly improved total hip BMD at 2 years compared with placebo (differences±SD versus placebo in the mean percent change from baseline for BZA 10, 20, and 40 mg of 1.29±0.21, 1.75±0.21, and 1.60±0.21, respectively; p<0.001 for all). All BZA groups showed greater reductions from baseline in serum levels of bone turnover markers, osteocalcin (OC) and CTX, at 2 years compared with placebo (p<0.001 for all).
The incidences of AEs, serious AEs, and study discontinuations due to AEs were similar among the BZA and placebo groups [85] . The incidence of hot flushes in the BZA groups was higher than for placebo, but similar to that for RLX 60 mg. There were no differences among the BZA and placebo groups in the incidences of cardiovascular events and VTEs. BZA treatment did not increase endometrial thickness from baseline and the mean endometrial thickness at 2 years was similar among the BZA and placebo groups [85, 86] . There were no cases of confirmed endometrial hyperplasia or endometrial carcinoma in the BZA groups, and the incidence of endometrial polyps was similar among groups. In addition, there were no differences between the BZA and placebo groups in the incidences of breast pain, breast carcinoma, and other gynecological AEs.
Global osteoporosis treatment study
The primary efficacy endpoint for the global osteoporosis treatment study was the incidence of new vertebral fractures at 3 years. BZA 20 and 40 mg showed significantly lower incidences of new vertebral fractures at 3 years compared with placebo (Kaplan-Meier estimates of 2.3, 2.5, and 4.1 %, respectively; p<0.05 for both vs placebo) [89] . BZA 20 and 40 mg decreased the risk of new vertebral fractures by 42 % (HR, 0.58; 95 % CI, 0.38-0.89) and 37 % (HR, 0.63; 95 % CI, 0.42-0.96), respectively, compared with placebo. The overall incidence of nonvertebral fractures was similar among groups; however, in a post hoc analysis of a subgroup of women at higher risk of fractures (N=1,772), BZA 20 mg significantly reduced the risk of nonvertebral fractures by 50 % compared with placebo (p=0.020) and by 44 % compared with RLX 60 mg (p=0.047; Fig. 1 ) [89] . A re-analysis of the study findings based on combined data for BZA 20 and 40 mg using the Fracture Risk Assessment Tool (FRAX®) showed a significant reduction in the risk of vertebral and nonvertebral fractures in women, with 10-year fracture probabilities of ≥6.9 % for vertebral fractures and ≥16 % for all clinical fractures (as assessed by FRAX®) compared with placebo. The treatment effect of BZA was greater with increasing probability of fracture [95, 96] . BZA 20 and 40 mg also showed significant improvements in lumbar spine and total hip BMD at 3 years (p<0.001 for both vs placebo) and significantly lower OC and CTX levels at 1 year (p<0.001 for both vs placebo) compared with placebo.
In Extension I of the study, BZA 20 and 40/20 mg reduced the incidence of new vertebral fractures by 35 % (p=0.014) and 40 % (p=0.005), respectively, relative to placebo at 5 years (Fig. 2) [91] . In a subgroup of women at higher risk of fractures, BZA 20 mg showed a 37 % reduction (p=0.06) in the risk of nonvertebral fractures compared with placebo.
Combined data for BZA 20 and 40/20 mg demonstrated a 34 % reduction in nonvertebral fracture risk (p=0.049) versus placebo at 5 years. Both BZA groups showed significant improvements in BMD and decreases in bone turnover compared with placebo (p<0.05 for all). Extension II of the study showed a sustained reduction of 37 % (p<0.001) in the risk of new vertebral fractures at 7 years for BZA-treated subjects compared with those who received placebo [93] . Because the RLX treatment arm was discontinued during Extension I of the study, the effects of RLX on prevention of new vertebral fractures compared with BZA is limited to 3 years of treatment [89] .
Overall, BZA treatment was associated with a favorable safety and tolerability profile over 7 years, with incidences of treatment-emergent AEs, serious AEs, and discontinuations due to AEs that were similar between the BZA-treated and PBO groups [88] [89] [90] 93] . Consistent with findings for other SERMs [74, 75] , BZA treatment was associated with increased incidences of hot flushes, leg cramps, and VTEs compared with placebo; there were no differences among groups in the incidences of cardiac or cerebrovascular AEs and there were no incidents of ONJ. Of note is that Asians have a much lower risk of developing VTE than non-Asians [97] and have a higher incidence of bisphosphonate-related ONJ [34] , both of which may make Asian postmenopausal women appropriate candidates for SERM treatment. Global prevention study (N=1,583) Global treatment study (N=7,492) Japanese phase 2 study (N=429)
Overall safety/ tolerability
• Similar AE rates compared with placebo [85] • Similar AE rates among groups [88, 90, 93] • Similar AE rates among groups [94] Cardiac events
• No cardiac safety concerns [85] • Incidence was low and similar among groups [88, 90] • Incidence was low and similar among groups [94] Cerebrovascular events
• Incidence was low and similar among groups [85] • Incidence was low and similar among groups [88, 90] • Incidence was low and similar among groups [94] VTEs
• Incidence was low and similar among groups [85] • Higher incidences for BZA versus placebo [88, 90, 93] • No cases reported [94] Endometrial safety • No differences among groups in change in endometrial thickness [86] • No confirmed cases of endometrial carcinoma or hyperplasia [86] • No differences among groups in change in endometrial thickness [87, 90, 92] • Incidences of endometrial hyperplasia were low and similar among groups [87, 90, 92] • No differences among groups in change in endometrial thickness [94] • No cases of endometrial carcinoma or hyperplasia reported [94] • Lower incidences of endometrial carcinoma with BZA versus placebo (overall p<0.05) [90, 92] Breast safety
• Incidence of breast-related AEs was low and similar among groups [86] • Incidence of breast-related AEs was low and similar among groups [87, 90, 92] • Incidence of breast-related AEs was low and similar among groups [94] Other reproductive safety
• No other reproductive safety concerns [86] • Numerically higher incidence of ovarian carcinoma for BZA versus placebo (not statistically significant) [90, 92] • No other reproductive safety concerns [87, 90, 92] • No other reproductive safety concerns [94] BZA bazedoxifene, AE adverse event, VTE venous thromboembolic event
There was no evidence of endometrial or breast stimulation with BZA over 7 years of treatment [87, 90, 92] . Changes in endometrial thickness were minimal and incidences of endometrial hyperplasia were low and similar among groups; BZA showed lower rates of endometrial carcinoma compared with placebo (p<0.05).
Incidences of breast carcinoma and other breast-related AEs were similar among the BZA and PBO groups over 7 years. In a retrospective, ancillary study evaluating changes in mammographic breast density, no significant differences among groups were observed at 2 years [98] . The primary efficacy endpoint for the Japanese phase 2 study was the percent change from baseline in lumbar spine BMD at 2 years. BZA 20 and 40 mg showed significant increases in mean percent change in lumbar spine BMD at 2 years compared with placebo, which showed a decrease from baseline (2.43, 2.74, and −0.65 %, respectively; p<0.001; Fig. 3 ) [94] . Both BZA doses also showed significantly greater improvements compared with placebo in total hip BMD (1.10, 0.93, and −0.97 % for BZA 20 and 40 mg and placebo, respectively; p≤0.001); similar improvements relative to placebo were observed with BZA at the femoral neck and greater trochanter (p≤0.001 for all; Fig. 3 ). BZA 20 and 40 mg significantly reduced markers of bone turnover, including serum CTX, serum OC, serum N-telopeptide (NTX), and urinary NTX, compared with placebo (p<0.01 for all). Both BZA doses showed lower incidences of vertebral fractures
Mean percent change compared with placebo at 2 years (3.8, 2.4, and 4.7 %, respectively), but this difference was not statistically significant; incidences of nonvertebral fractures were similar among groups. However, it should be noted that this study was not powered to evaluate fracture risk.
BZA treatment was generally safe and well tolerated in this study, with no significant differences observed among groups in the incidences of treatment-emergent AEs, serious AEs, and discontinuations due to AEs [94] . Incidence of hot flushes was low across treatment groups, although BZA 20 mg was associated with higher rates of hot flushes compared with BZA 40 mg and placebo (overall p<0.05). Rates of cardiac AEs were similar among groups and no VTEs were reported in any group. No significant differences were observed among groups in the change from baseline in endometrial thickness at 2 years or in incidences of reproductive or breast-related AEs.
A place for BZA in treating postmenopausal osteoporosis in Japan BZA has been shown to have a favorable effect on lumbar spine and total hip BMD and bone turnover markers, while maintaining a favorable safety and tolerability profile in postmenopausal Japanese women over 2 years of treatment [94] . The findings from this Japanese phase 2 study are generally consistent with those observed in a global, 3-year osteoporosis treatment study [87] [88] [89] . Although reductions in fracture risk were not observed in the Japanese phase 2 study, which was not powered for assessment of fracture risk, two 2-year extensions of the 3-year osteoporosis treatment core study have demonstrated sustained efficacy of BZA in reducing the risk of vertebral fracture over 7 years of treatment [91, 93] . Notably, BZA reduced the risk of nonvertebral fracture compared with placebo and RLX in a subgroup of women at higher fracture risk. BZA was associated with a favorable overall safety and tolerability profile over 7 years, with no evidence of endometrial or breast stimulation, or other adverse effects on the reproductive tract [87, 90, 92] .
The 2011 Japanese Guidelines for Prevention and Treatment of Osteoporosis state that BZA has an upregulatory effect on bone density (grade A), a preventive effect on vertebral fracture (grade A), a confirmed, preventive effect on nonvertebral fractures in a subgroup of women at high risk of fractures (grade B), and no reported preventive effect on hip fracture (grade C) [8] . Based on these guideline recommendations and in accordance with current global recommendations [99] , BZA could potentially be an option for a) younger postmenopausal women who expect to be on long-term therapy and b) patients who are unable to take bisphosphonates or are concerned about the safety of long-term bisphosphonate therapy [31, 99] . Because some studies have shown sustained protection from vertebral fractures for up to 5 years following discontinuation of bisphosphonate therapy [100, 101] , BZA may also be appropriate for women on long-term bisphosphonate therapy who are contemplating a "drug holiday."
Conclusions
A variety of therapy options are currently available in Japan for the treatment of postmenopausal osteoporosis. These therapy options each have unique risk/benefit profiles and may meet the needs of a range of patients. SERMS have documented benefits compared to other osteoporosis treatments including fewer concerns with ONJ and atypical fractures often associated with long-term bisphosphonate treatment. Should excessive bone resorption occur with SERM treatment, prompt recovery will be expected by withdrawing treatment because SERMs do not accumulate appreciably in bone. BZA, in particular, has been shown to be effective in preventing fractures and improving BMD without stimulating the endometrium and breast over long-term treatment. Based on available evidence, BZA may be an appropriate option for younger postmenopausal women at increased risk of fracture and who expect to be on long-term therapy and postmenopausal women who cannot take bisphosphonates or are concerned about the safety of bisphosphonate treatment.
